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Macromorphological. palynological and karyological studies indicate a close relationship between Pelargonium 
exhibans Vorstsr, P. mollicomum Fourcade, P. tetragonum (L.f.) L.:Herit. and P. worcesterae Knuth. The relationship was 
confirmed by a study of the mel gene sequences and an analysis of phenolic compounds. The four species are placed 
in the newly circumscribed section Charisma DC. Taxonomic treatments of the section and the species are presented. 
Makromorfologiese, palinologiese en kariologiese studies dui 'n noue verwantskap tussen Pelargonium exhibens 
Vorster, P mollicomum Fourcade, P tetragonum (l.t.) L'Herit. en P worcesterae Knuth aan. Die verwantskap is 
bevestig deur 'n studie van die rbcL~geen~volgordes en 'n analise van fenoliese verbindings. Die vier spesies word in 
die nuut-omlynde seksie Charisma DC. geplaas. Taksonomiese uiteensettings van die seksie en spesies word 
aangebied. 
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In the past, P exhibens Vorster, P mollieomum Fourcade, P. 
tetragonum eL.f.) L'Herit. and P woreeslerae Knuth have been 
associated with different sec tions of Pelargonium. P lelragonum 
was placed in a new monotypic section Chorisma by De Can-
dolle (1824) , and tben transferred to tbe section Jenkinsonia DC. 
by Harvey (1860) . Gibby el al. (1990) suggested that P lerra-
gonum should be excluded from the sec lion l enkinsonia on the 
basis of karyological differences. P mollieomum was described 
by Fourcade (1932) as being c10seJy related to P. odoratissimum 
(L.) l ' Herit., but only the latter is now placed in sec tion Renj~ 
formia (Dreyer el at. 1993). P exhibens was described as being 
very similar to P lrifidum Jacq. of the section Liguiaria (Vorster 
1986). 
With the exception of I~ mollicomum (Figure I ), all the species 
have recently been described and illustrated: P. exhibens by van 
der Walt & Vorster (1988), P le/ragonum by Scheltema & van 
der Wal t (1990) and P worceslerae by Dreyer el al. (1993). The 
reader is referred to these references for detailed descriptions and 
illustrations of these species. 
In a reappraisal of section Ligu/aria, Albers et al. (1992) indi-
cated that P exhibens Vorster (1986), P. moWeomum Fourcade 
(1932) and P Wolt eslerae Knuth (1912) form a natural group of 
species. Dreyer el al. (1993) also suggested a close relationship 
bctween P. exhibens and P worceslerae. With the exception of 
the unusual characteristic of being a climber with succulent 
stems, P tetragonum has many characters in common with these 
three specics. 
The main aim of this multidisciplinary study was to es tablish 
whether P. exhibens, P. mollieomum and P. woreesterae fonn a 
natural taxon, and to determine the relationsbip they have with P. 
lelragonum. 
Materials and Methods 
Origins of the plants investigated are given in Table 1. T he same 
methods as described by van der Walt et al. (1995) were applied for 
the morphological, palynological, karyological, phenolic compound 
and rbel gene sequence studies. 
The flowers of P exhibens, P. moLlieomun! and P. woreesterae 
Table 1 Origins of the specimens investigated 
Collector and Project 
number number 
Van der Walt 899 STEU 1738 P. exhibens G maff Reinet 
Fischer 97 
Drijfllou( 2700 
P. moll iconUim G&C t1 6 
Van der Wall 1466 
P fel ragolUim Moffe tt 808 
Oliver 5.0 . 
Van de rWall 531 
Van der Walt 1208 
Geldenhuys s.n. 
Albers 2471 
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Figure 1 Habit of P mollicomum: A, flowering branch x 1; B, schizocarps x 1; C. mericarp x 2; D, petals x 2; E, androecium x 5; P, gyn-
oecium x 5. 
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have many characters in common. They all have the same basic 
struc ture, five whitish petals and five fertile stamens. The flowers 
of P. tetragonum are much larger than those of the other species, 
they are much more zygomorphic, the number of petals vary 
between four and five, and seven fertile stamens are present. 
Morphogenetic study 
The mature stems of P terragonum are described as succulent, 
relatively thin, brittle and obtusely 3- or 4-angled, branching 
from the base (see diagnostic features) . Due to the fact that this 
species can be easily propagated by cuttings. it is seldom grown 
from seed and no morphogenetic observations of seedlings have 
previously been recorded. 
A juvenile plant first forms a cylindrical thickened epicotyl of 
about 10 mm. After 8 weeks in cultivation, the short stem devel-
ops 5- 8 subsucculent leaves. The petioles are usually longer than 
lhc laminae (Figure 2A). The habit of the seedling strongly 
resembles that of P mollicoJllum at the same age. In contrast to P. 
tetragonulII which fOrolS a normal taproot system, P. mollicomum 
starts to develop small root tubers at an early stage. After about 2 
months in cultivation P. tetragonum develops another growth 
form. The stem becomes elongated through the growth of inter-
nodes, and the stem simultaneously developes a typical succulent 
quadrangular shape (Figure 2B). Older plan Is branch from the 
base (Figure 2C) and form bushes by sprawling into other vege-
tation, or onto rocks as support to attain a height of up to 2 m. 
----------
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The leaves of the older plants arc strikingly smaller and more 
succulen t than the first-formed leaves. 
Palynology 
The pollen grains of section Chorisma can be desc ribed as spher-
ical, lectate, tricolporate, zonotremc monads (Figure 3A). Their 
polar and equatorial diameters are marc or less equal and vary 
from ca. 64 ~m in P. mollicomum to ca. 107 ~rn in P. tetragonum 
Cfable 2). The exine is usually ca. 5 ~m thick but in P. 
Ielragonum it can be thicker. Thc tectum is re ticulate-striate in all 
fo ur species. In traluminal bacuiae are lacking in P. tetragonllm 
but occur in the other three species (Figure 3B). 
Karyology 
P. exhibens, P. mollicomwn, P. Ielragonum and P. worceslerae 
have tbe same basic chromosome number (x;;::: 11) and no poly-
plaids are known . Previous chromosome numbers (Gibby e/ al. 
1990; Albers el al. 1992) are confirmed by some new countings 
made during this s tudy. Most striking is the comparatively large 
size of the chromosomes. The karyo typcs of all four species arc 
the same size (2n;;::: ca. 50 11m ). 
Phenolic compounds (Table 3) 
All four species lack rnyricitin and contain hydroxybenzoic 
acids. Two groups of species (P. exhibenslP. worcesterae and P. 
mollicomumlP. tetragonllm) arc fonned. by the occurrence or 
Figure 2 Habit of P. lelragonum: A, seedling after 8 weeks in cultivation; B, after 16 weeks; C, at maturity. 
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Table 2 Pollen grain dimensions of the specimens investi-
gated 
Polar diameter Equatorial 
Exine 
STEU (~m) diameter (~un) thickness 
Taxon No. Min Max X Min Max X (~m) 
P. exhibens 1738 56 77 64 51 77 61 5 
2881 73 92 82 73 92 82 5 
P. mollicomum 3282 51 66 64 56 71 64 5 
3581 56 69 64 56 69 64 5 
P. tetragonwn 687 87 112 102 87 105 100 7.7 
743 89 115 107 87 117 107 5 
p. won:esterae 3975 64 74 69 61 77 66 5 
absence of the flavones luteolin and apigenin. P. exhibens is the 
only species in which the hydrolysable tannins are lacking. 
Rbcl gene sequences 
RbcL gene sequences have to date been obtained for three of the 
four species of section Charisma and have been compared with 
sequences from a number of the other sections, as part of a 
broader scale study of the genus (Price & Palmer. unpublished 
data). P. letragonum is placed as a sister taxon to P exhibens and 
P mollicomum in the parsimony analyses of the sequence data 
and the three species are consistently placed together in an appar-
ently monophyletic g roup. 
Artificial crossing experiments 
P worceslerae (facultative) and P mollicomum (obligate) arc 
inbreeders and nonnally produce large numbers of seeds . In P. 
mollicomum {he pollination already takes place in the closed 
flower bud. The developing stigma and five anthers are in the 
same position and close to each other during this stage. The lon-
gitudinal dehiscence of the anthers is introrse and many pollen 
grains are directly deposited on the stigma surface. It is the first 
time that cleistogamous pollination is reported in Peiargonium. 
P. exhibens and P. lelragonum are outbreeders. Artificial self-pol-
lination is very successful in both species, illustrating that they 
are self-fertile. 
Some success has been obtained with artificial crossing exper-
iments between the four species (Figure 4). The most successful 
reciprocal crossings were made between P exhibens and P. molli-
comum. Seeds germinated easily and the Fl plants developed 
welL Another successful attempt was the hybridization of P mol-
Table 3 Phenolic compounds of the specimens investigated 
Collection 
Species studied number M Q K L A 
P. exhiberlS STEU 1889 3 2 
p. mollicomum STEU3282 2 2 2 
p. tetragonum STEU 1619 3 3 
P. worcesterae STEU 3975 3 ? 
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Figure 3 A, pollen grain of P. exhibens (STEU 1889); B, pollen 
grain tectum of P. mollicomum (STEU 3282), scaie bar = l.81 fLm. 
licomum with P lelragonum, but only when the latter ac ted as the 
poUen donor. 
Although Dreyer er al. (1993) suggested a close relationship 
between P worceslerae and P exhibens, the reciprocal crossing 
success was limited. The schizocarps developed, but the meri-
carps withered after some time. Similar resu lts were experienced 
in crossings between P. mollicomum and P. worceslerae, demon-
strating a post-zygotic incompatibility in both cases. The recipro-
Qm Km Ch De Cy Pe Ga Pr HT CG 
3 3 
3 3 3 2 2 
3 3 2 2 
? 2 3 3 2 2 
M, myricetin; Q, quercetin; K. kaempferol; L, lutcolin; A, apigenin; I, isorhanmetin; Qm, quercetin-3-melhylether; Km , kaempferol-4-methylelher; 
Ch, chrysoeriol ; De, prodeJphinidin; Cy, procyanidin; Pc, propelargonirlin; Ga, gallic acid; Pr, protocatechuic acid (the two latter are hydroxybenzoic 
acids); lIT, hydrolysable tannins; CG, C-glycosyl-flavone 
I, In traces; 2, medium content; 3, main compound; ? questionable 
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successful. viable seeds 
meric arps start growing, but abort early 
no success 
Figure 4 Diagram of results of the hybridization experiments. 
cal crossings between P exhibens x P tetragonum and P 
worcesterae x P letragonwn fai led completely. 
Attempts to hybridize P. exhibens, P. mollicomum, P. Ierra~ 
gonum and P. worceslerae with species of other sections with dif-
ferent basic chromosome numbers [e.g. Ciconium (Sweet) Harv., 
Reniformia (Knuth) Dreyer and fenkinsonia (Sweet) Harv.J 
fai led completely. In crossings with species of the sec tions Poly-
acl ium DC . and Olidia (Sweet) O.Don . (both x = 11. but small 
chromosomes) the mericarps started to grow in a few cases, but 
viable seeds were never formed. 
Discussion 
From a karyological point of view P. exhibens, P. mollicomum, P. 
telragomml and P. woreesterae fonn a well-defined group. Most 
striking is the chromosome size. The karyotypes of all four spe-
cies are of the same large size (2n ;::; ea. 50 11m); this is the largest 
chromosome size found amongst species of Pelargoniu11l with 
the basic number x ;::; I I. 
The poUen grains of all four species have the same basic struc-
ture although those of P tetragonum are larger, with a thicker 
exine and no intraluminal baculae. Despite the considerable dif-
ference in gross morphology of the adult plant of P. tetragonum 
in comparison with the other three species, the juvenile charac-
ters of P. tetragonum are clearly very close to those of P. moWeo-
mum, and the adult differences can be regarded as derived 
characters reflecting a different survival strategy. The flower size 
and s tructure of P. tetragonum also differ from the other three 
species, but it has been demonstrated that floral structure in Pel-
argonium is nol always a reliable indication of phylogenetic rela-
tionships. The section Campylia (Sweet) DC. is a typical exam-
ple of a natu ral taxon with a considerable variation in floral 
structure (van der Wal t & Van Zyl 1988). 
Although the four species have the same basic flavonoid com-
position, each has its own pattern; P. mollicomum is close to P. 
tetragonum, and P. worcesterae close Lo P. exhibens. but the latter 
species lacks tannins. The rbeL gene sequence data supports the 
close relationship of P. tetragonum with P. exhibens and P. molli-
eomum . This relationship is also reflected in the results of the 
crossing experiments. P. exhibens and P. mollicomum produced 
F] plants in both directions. and P. mollieomum crossed success-
fully with P. tetragonum with the latter as male parent. Previous 
attempts to hybridize P. rerragonum with species of other sec-
tions failed completely (Yu 1985). 
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On the basis of this evidence it is concluded that the four spe-
cies are indeed closely related and should be placed in the same 
section. P. tetragonum is the only species of the four that was 
previously formally classified in a section (section Chorisma 
DC). The other three spec ie~ are placed in the newly circum-
scribed sec tion Chorisma in the second part of this article. 
Taxonomic treatment of the section 
Pelargonium section Chorisma DC., Prodromus systematis 
naturalis regni vegetabilis 1: 658 (1824). amp!. 1. 1. A. van der 
Walt. Type species: Pelargonium lelragonum (L. f.) L'Hfuit. 
Diagnostic features 
Subshrubs or shrubs, sometimes with root tubers . Stems herba-
ceous to succulent, relatively thin and often sprawling. Leaves 
usually simple without deep incisions, subsucculent, petioles 
usually longer than laminae and often perSistent. Pseudo-umbels 
1-6-nowered. Petals 4 or 5, white, cream or pink, pos terior pet-
als much larger than anterior ones. Fertile stamens 5 or 7. 
Geographical distribution (Figu re 5) 
The distribution area of the section Chorisma stretches from the 
Western Cape eastwards along the south coast to the Eastern 
Cape. The diversity centre of the section is in the Eastern Cape 
(33°S 26'E), where all four species are represented. 
Key 10 species 
la. Stems angular, petals 4(5) , fertile stamens 7 .. . .. P. tetragonum 
lb. Stems terete, petals 5, fertile stamens 5 ................... 2 
2a. Stipules cartilaginous, pseudo-umbels 1- 3-f1owered .... . . . .. . 
...... ...................... .. . ....... . . P worcesterae 
2b. Stipules membranous, pseudo-umbels 3-6-flowered . . .. .• .. 3 
3a. Leaves trilobate to ternate, microscopically sparsely sericeous . 
...... . ... . .. ... . ..... ........ . . . P. exhibens 
3b. Leaves 5-palmatilobate to palmalifid, pilose .. .. P. mollicomum 
Taxonomic treatment of species 
1. Pe/argonium tetragonum (L.f.) L' Herit., Aiton Hortus 
Kewensis ed. 1.2: 427 (1789); L.f. : 305 (1781 ); Thunb.: 113 
(1794); Salisb.: 315 (1796); Desf.: 457 (1809); Willd .: 705 
(1809); AiLL 159 (1812); Don: 732 (1831); Harv. : 286 (1860); 





, , I 
, 
, , , \ 
Figure 5 Distribution and concentration of species of the section 
Chorisma. 
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Knuth: 390 (1912); Compton: 295 (1931); Hutchinson : 195 
(1946); Van der Walt: 45,t. (1977); Bond & Goldblatt: 309 
(1984); Webb: 78 (1984); Scheltema & van der Walt: 297 (1990). 
Type: Cape Province: 'in Cap. bonae spei', Thunberg ~.n. (UPS, 
Thunberg herb. no. 15663,lecto.!). 
Geranium tetraganum L.f.: 305 (1781); Cav.: 231 (1787); 
Jaeq.: 92 (1787) ; Andr. : no page or plate numbers (1805). 
lenkinsania tetragana (L.f.) Sweet: 99 (1821); Endl. : 1168 
( 1840). 
Charisma tetragana (L.L) Eckl. & Zeyh. : 70 (1835). 
Charisma flavescens Eckl. & Zeyh.: 71 (1835). Type: Cape 
Province: 'Collibus argillaceis terrae Cannaland et ad fluvium 
Gauri tzrivier (Zwellendam)', Ecklan & Zeyher 545 (S, holo.!; 
SAM). 
Diagnostic features 
Many-stemmed, scandent, non-aromatic, shrub. Stems succulent, 
relatively thin , brittle, obtusely 3- or 4-angled, internodes rela-
tively long. Leaves subsucculent, glabrous to villolls and with 
glandular hairs interspersed; lamina cordifonn or renifonn, 5-
palmati fid, often zoned; petiole much longer than lamina, some-
times partially persistent; stipules sometimes persistent . Pseudo-
umbels 1- 2-flowered. Pedicel very short (1 - 4 mm) and much 
shorter than hypanthium (25- 60 mm). Petals 4(5), cream or pink 
with wine-red streaks, posterior two relatively large (40- 50 mm 
long) and twice as long as anterior ones. Fertile stamens 7. 
Geographical distribution (Figure 6) 
P lelragonum occurs in a strip parallel to the coast from the 
Worcester- Caledon districts in the west to Grahamstown in the 
east. It has also been collected further inland near Graaff-Reinet 
and Bedford. It s distribution area receives most of its precipi ta-
tion during July in the west, rain all year rou nd in the southern 
portion and from November to March in the east. The mean 
annual rainfall amounts to 200- 400 mm in the west and to 400-
600 mm in the east. 
Selected specimens studied 
-3221 (Merweville): Prince Albert (-~C) , Bolus 11455 (BOL). 
'1'" W' If' ,r ~., "" .. ,r Ir:lf' Ir lO' 
Figure 6 Geographical distribution of P. tetragonum. 
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-3224 (Graaff-Reinet): Cave Mountain , Graaff-Reinet (- B- ), Bolus 
626 (BOL). 
-3319 (Worcester): Worcester, koppie near Oe Wet (- OA) , Esler-
huysen 19674 (BOL). 
-3323 (Willowmore): Baviaanskloof (- OAf- DB), Esterhuysen 
24997 (BOL). 
-3324 (SleyUerville) : Kouga River Poort, on road from Zuur Anys 
(- OA), Faureade 3081 (BOL, MO). 
2. Pe/argonium mollicomum Fourcade, Transactions of the 
Royal Society South Africa 21: 92 (1932). Type: Cape Province: 
Cambria, Faurcade 2737 (BOL, holo.!) . 
Diagnostic features 
Erect to decumbent, aromatic subshrub with small root tubers. 
Stems herbaceous, covered with persistent petioles and stipules, 
internodes relatively long. Leaves subsucculent, pilose and with 
glandular hairs interspersed~ lamin a cordiform, 3- 5-palmatilo-
bate to palmatifid; petiole more or less the same length as lamina , 
persistent; stipules membranous, persistent. Pseudo-umbels 3-6-
flowered. Pedicel very short (1-2 mm) and much shorter than 
hypanthium (15-20 mm). Petals 5, white to cream; posterior two 
sometimes with carmine feather-like markings and larger than 
anterior three. Fertile stamens 5. 
Geographical distribution (Figure 7) 
P. mollicomum is apparently confined between latitudes 33" and 
34°S and longitudes 23°30' and 26°30'E. The distribution area 
receives most of its rainfall in the west from May to July and in 
the east from November to March. Annual rainfall amounts to 
400-600mm. 
Specimens studied 
-3323 (Willowmore): Joubertina, 8 km W. of (-DO), Van der Walt 
860 (STEU 1690). 
-3324 (Steytlerville): Cambria (-OA), Faurcade 2737 (BOL); Hills 
near Hankey (-~O), Faurcade 2765 (BOL). 
-3325 (Port Elizabeth) : Kommadagga, I km from turn-off (- BB), 
Marais 365 (STEU). 
-3326 (Grahamstown): 10 km W. on Grabamstown road to Cra-
dock (- AB), Gibby & Crompton 121 (STEU); II kIn E. of Helspoort 
Pass on Grahamstown road to Cradock (- AB), Gibby &. Crompton 
I 
, -l-, I, I 
Figure 7 Geographical distribution of P. mollicomum. 
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123 (STEU): 10 km W. on Grahamstown road to Cradock (- AB), 
Van der Wall & VOTS/er 1466 (STEU): 5 km N. 01 Alexandria, Thorn 
Valley (-CB), Gibby & Cromplon 116 (STEU). 
3. Pelargonium exhibens Vorster, South African Journal of 
Botany 52: 481 (1986); Van der Walt & Vorster: 55 (1988). Type: 
Cape Province: 'ca 15 kID north of Graaff-Reinet on road to 
M iddelburg', Van der Wall 899 (PRE, holo .!; K!: MO! ; NBG !). 
Diagnostic features 
Scandent, aromatic sub shrub. Stems herbaceous, covered with 
persistent remains of petioles. relatively thin. Leaves subsuccu-
lent, microscopically sparsely sericeous; lamina cordiform, tri lo-
bate to tern ate; petiole often longer than lamina, persistent for 
some time; stipules membranous. Pseudo-umbels 3- 5-flowered. 
Pedicel very short (2- 5 mm) and much shorter than hypanthium 
(10-20 mm). Petals 5, white to cream; posterior two with wine-
red feather-like markings and much larger than an terior three. 
Fert ile stamens 5. 
Geographical distribution (Figure 8) 
p. exhibens is known from only two areas in the Eastern Cape, 
namely, near Graaff-Reinet and near Grahamstown. Near Graaff-
Reinet the annual rainfall is in the region of 200 to 400 mm, 
whereas near Grahamstown it may be twice as much. T his distri -
bution falls within the region that receives rain throughout the 
year, but in these two areas the tendency is for most of the preci-
pitation to take place during the summer months, with peaks dur-
ing March in the north-east and November in the south-east. It 
can become very hot in summer. 
Specimens sludied 
-3224 (Graaff-Reinet): 15 km N. of Graaff-Reinet on road to Mid-
delbu/g (- BA), Van der Wall 899 (K, MO, NBG, PRE); W. 01 
Graall-Reine! (- BC), Bolus 443 (BOL, MEL, MO): Karoo Reserve, 
Graall-Reinet (- BC), Fischer 368 (NBG, STEU). 
-3321 (Ladismith): 33.5 km W. 01 Ladismith (- AD) , Hall 627 
(NBG) . 
-3326 (Grahamstown): 2 km from main road from Great Fish 
River to Committees Drift (- BB), Fischer 97 (STEU); Near 
Breakfastvlei, V ic toria East (- BB), Hofstrom & Acocks 748 
(BOL, PRE) . 
If' • _,!.,,-~ _ I" '! '." .. .... ,,. 
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Figure 8 Geographical distribution of P. exhibens. 
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4. Pelargonium worcesterae Knurh. Botanische lahrbiicher 
fUr Systematik, Pflanzengeschichte und Pflanzengeographie 40: 
75 (1908); Knut h: 449 (1912); Dreyer el al.: 69 (1993). Type: 
Cape Province: Cradock. Cooper 494 (Z.lecto.!; W!) . 
P. rogersianum Knuth: 32 (1909); Knuth: 455 (19 12). Type: 
Cape Province: 'Middleton, an trockenen Stellen urn 55 Om " 
Rogers S.n . sub H. Bolus 12955 (BOll). 
Diagnostic features 
Decumbent to sprawling, aromatic subshrub with numerous 
small root tubers. Stems herbaceous but becoming woody. thin , 
internodes relatively long. Leaves sub succulent, lanose to stri-
gose and witb glandular hairs interspersed; lamina renifonn to 
ovate. margin crenate to sballowly lobed; petiole much longer 
than lamina; stipules prominent, cartilaginous. white and persist-
ent. Pseudo-umbels 1- 3-flowered. Pedicel very short (1 - 4 mm) 
and much shor ter than hypanthium (6-14 mm). Petals 5, white, 
posterior two with pink feather-like markings and larger than 
anterior three . Fertile stamens 5 . 
Geographical distribution (Figure 9) 
P. worcesterae is found in a restricted area of the Karoo between 
32" and 33"30'5 latitude and 24" and 26"30'E longitude. Plants 
occur in small populations in the Karroid vegetation of this 
region . The annual rainfall varies between 200 and 300 mm and 
is usually received in summer. 
Specimens studied 
- 3224 (Graall-Reinet): G/aall-Reinet (- BC), Francis 43 (PRE). 
- 3225 (Somerset East): Cradock (- BA), Cooper 494 (PRE, W): 
Farm Berg en Dal, Cradock (-BA), Dreyer 24 (STEU). 
-3324 (Steytlerville): 11 kIn WNW of Wolwefontein, Steytlervillc 
(-BD), Acocks 16012 (PRE). 
-3325 (Port Elizabeth): Addo Park (- BD), Liebenberg 6644 (PRE). 
-3326 (Grahamstown): Albany (- AB) , Adamson s. n. (PRE) : Mid-
dleton (- AB), Rogers s. n. (BOL). 
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